Introduction
With incidence varying greatly by geographic location and ethnicity, 1,2 esophageal cancer (EC) is one of the leading causes of cancer death worldwide. Due to lifestyle, dietary habits, and multiple genetic alterations, Northern China has one of the highest rates of EC in the world. Accounting for .90% of EC, esophageal squamous cell carcinoma (ESCC) predominates in eastern countries, particularly in Northern China. 3, 4 In spite of recent advances in diagnosis and therapeutic options, the prognosis is still poor with ~10%-41% average overall 5-year survival rate. [5] [6] [7] [8] Decreasing the mortality rate will require early diagnosis and effective treatment for ESCC patients. So far, genetic alterations have been widely investigated; however, reliable biomarkers for clinical diagnosis, prognosis, and therapeutic efficiency evaluation are still lacking. Therefore, identifying more effective biomarkers for early diagnosis and targeted therapies is of significant clinical value.
In order to identify more novel EC-related genes that might be potential biomarkers for diagnosis or therapeutic targets, cDNA microarray technology was adopted to simultaneously analyze the changes in the expression of thousands of genes. In our previous research, a number of discriminatively expressed genes have been 
escc clinical samples
After surgical resection at Linzhou Cancer Hospital, Northern China, primary ESCC tumor tissues and their paired nontumor tissues were immediately collected from the proximal resection margins. Some was quickly put into vials stored in liquid nitrogen, and other tumor tissues were routinely formalin-fixed and paraffin-embedded. The inclusion criteria were listed as follows: 1) histological evidence of ESCC, 2) complete surgical resection (R0), 3) no perioperative chemotherapy and/or radiotherapy treatment, and 4) complete follow-up for 60 months. TNM staging is based on the American Joint Committee on Cancer Guidelines.
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Quantitative real-time polymerase chain reaction (qrT-Pcr) By adopting TRIzol (Invitrogen, Carlsbad, CA, USA), total RNA was extracted from frozen ESCC tissues. According to the manufacturer' instructions, reverse transcription of total RNA (2 μg) was done by making use of Advantage RT-for-PCR Kit (Clontech). In order to detect the expression level of corresponding β-actin and AZGP1, qRT-PCR was performed with an SYBR Green PCR Kit (Applied Biosystems) and ABI 7900HT Fast Real-Time PCR System (Applied Biosystems). β-Actin served as an internal control for AZGP1. In Table 1 , primers of AZGP1 and β-actin are listed. To validate them, we have tested PCR products in gels to confirm the accuracy and specificity of PCR amplification ( Figure S1 ). SDS2.3 software (Applied Biosystems) was used to analyze relative expression levels. Through the Ct method, the real-time value for each sample was averaged and compared. ∆∆Ct (sample) = ∆Ct (sample) -∆Ct (calibrator), ∆Ct (sample) = Ct (sample) of target gene -Ct (sample) of β-actin, ∆Ct (calibrator) = Ct (calibrator) of target gene -Ct (calibrator) of β-actin; calibrator was defined as pooled samples from 45 adjacent nontumor tissues.
escc tissue microarray (TMa) and immunohistochemical (ihc) staining
Containing 300 pairs of primary ESCC tissue samples and their corresponding nontumor tissues, TMAs were constructed as described previously. 9 In short, tissue sections with a thickness of 5 μm were cut from TMA blocks and mounted on microscope slides. By using the standard streptavidin-biotinperoxidase complex method, IHC staining was performed. 9 TMA slides were deparaffinized in xylene, rehydrated by a graded alcohol series, and incubated with 3% hydrogen peroxide. For antigen retrieval, TMA slides were boiled in 10 mM sodium citrate buffer (pH 6.0) for 15 minutes through a pressure cooker. Blocked by 10% normal mouse serum at room temperature for 30 minutes, the slides were then incubated with primary anti-AZGP1 monoclonal antibody (Proteintech; 1:200 dilution) at 4°C overnight, which has been confirmed by Western blot assay ( Figure S2 ). At a concentration of 1:75, the TMA section was incubated with biotinylated goat antimouse immunoglobulin at 37°C for 30 minutes. Through the application of ImmPress Universal Kit (Vector Laboratories, Burlingame, CA, USA), primary antibody staining was visualized with NovaRed (Vector Laboratories) as a substrate. In the next step, the sections were counterstained with hematoxylin, dehydrated, and mounted. As stated before, an immunoreactivity score system was applied. 11 The percentage of AZGP1-positive cells was scored as 0, ,5% negative; 1, 5%-25% sporadic; 2, 25%-50% focal; and 3, .50% diffuse. In addition, the intensity of AZGP1-positive staining was scored as 0, negative; 1, weak; 2, moderate; and 3, strong. Both the percentage of positive cells and the intensity of cell staining were determined in a double-blinded manner. According to the following formula, the total score was determined: staining index = intensity × positive rate. In this study, staining index of not more than 4 was regarded as down expression and staining index of more than 4 was regarded as normal expression. 
OncoTargets The points for disease-specific survival (DSS), local recurrence-free survival (LRFS), and metastasis-free survival (MeFS) were calculated from the surgery date to the date that event developed. Survival curves were plotted through Kaplan-Meier method, and statistical analysis was performed through log-rank test. And then, parameters demonstrating prognostic significance at the univariate test were enrolled into multivariate comparisons through the Cox proportional hazards model. P,0.05 was considered to be statistically significant.
Results

Frequent downregulation of aZgP1in escc
By using qRT-PCR, the mRNA expression of AZGP1 was compared between tumor and their paired nontumor tissues in 45 ESCC patients. When compared with their normal counterparts, the relative expression level of AZGP1 was significantly downregulated in tumor tissues (P,0.001; Figure 1 ). AZGP1 downregulation was detected in 29/45 (64.4%) ESCC tumors compared with their normal counterparts (defined as a 2-fold decrease of AZGP1 expression in tumors). Using a TMA, AZGP1 expression in protein level was further studied by IHC. Informative results were obtained from 215 pairs of ESCCs. Noninformative samples were not included in data analysis, including 57 cases of lost samples, 9 cases of unrepresentative samples, 13 cases of samples with too few tumor cells, and 6 cases of samples with inappropriate staining. As the staining index of AZGP1 was $4 in nontumor tissue, staining index of not less than 4 was then counted as normal AZGP1 expression. When staining index was ,4, AZGP1 downregulation was defined, which was detected in 118/215 (54.9%) ESCC tissues compared with their adjacent nontumor tissues (P,0.001; Figure 2) , and the corresponding hematoxylin and eosin staining was visible in Figure S3 . In both mRNA and protein level, a consistent result was detected in AZGP1 expression.
correlation of aZgP1 downregulation with clinicopathologic characteristics Next, the clinical association between AZGP1 protein expression and clinicopathologic characteristics of ESCC patients from Northern China were examined. The analysis results demonstrated that AZGP1 downregulation was significantly associated with pathologic N status (P=0.035) and advanced clinical staging (P=0.018). Moreover, no correlation was observed between AZGP1 expression and patient's age (P=0.067), gender (P=0.487), tumor location (P=0.173), tumor cell differentiation (P=0.721), pathologic T status (P=0.112), and general classification (P=0.899; Table 2 ).
Prognostic impact of aZgP1 expression in escc
The mean follow-up duration of these patients was 27.4 months (ranging from 1 to 60 months). Kaplan-Meier analysis revealed that ESCC patients with AZGP1 downregulation (median survival time of 18 months) had a shorter DSS Figure 3A) . Furthermore, no significant difference in DSS was observed in patients with TNM stage III (P=0.295) in a stratified survival analysis according to the TNM stage. However, AZGP1 expression could differentiate the prognosis of patients among those with TNM stage I-II (P,0.001; Figure 3B ). Similarly, patients with AZGP1 downregulation had a shorter median LRFS (9 months vs 15 months, P=0.016; Figure 3C ) and median MeFS (9.5 months vs 17 months, P=0.014; Figure 3D ). In univariate analysis of these clinicopathologic parameters (Table 3) , there were a number of risk factors that were significantly associated with worse DSS, including pathologic T status (P,0.001), pathologic N status (P,0.001), and tumor cell differentiation (P=0.002). Through the application of multivariate analysis (Table 4) , advanced pathologic T status (P=0.001) and pathologic N status (P,0.001) were identified as independent risk factors for tumor local recurrence. Furthermore, pathologic T status (P=0.005) and pathologic N status (P,0.001) were independent factors for tumor metastasis prediction. But above all, downregulated AZGP1 was significantly predictive for worse DSS (P,0.001), LRFS (P=0.026), and MeFS (P=0.018), as shown in Table 3 and Figure 2 . In multivariate analysis, downregulated AZGP1, pathologic T status, and tumor cell poor differentiation were prognostically significant for inferior DSS (P=0.001, P,0.001, and P=0.005, respectively). Moreover, AZGP1 expression, pathologic T status, and pathologic N status were independent prognostic predictors for LRFS (P=0.011, P=0.040, and P=0.014, respectively), AZGP1 expression and pathologic N status for MeFS (P=0.004 and P=0.009, respectively; Table 3 ). Notes: *Statistically significant. TNM staging is based on AJCC Guidelines.
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Abbreviations: Dss, disease-special survival; lrFs, local recurrence-free survival; MeFs, metastasis-free survival. Abbreviations: CI, confidence interval; DSS, disease-special survival; HR, hazard ratio; LRFS, local recurrence-free survival; MeFS, metastasis-free survival.
Discussion
Recently, AZGP1 has been highlighted to play a crucial role in carcinogenesis in human cancers. [12] [13] [14] [15] To our knowledge, this is the first study to explore the relationship between AZGP1 gene expression and human ESCC occurrence and development. In this study, it was shown that when compared with their paired normal control, both mRNA and protein expression of AZGP1 was significantly downregulated in ESCC tissues. Moreover, AZGP1 downregulation was notably more prevalent in patients with lymph node metastasis, advanced clinical staging, shorter DSS, LRFS, and worse MeFS. These results might suggest AZGP1 as a novel prognostic biomarker for ESCC.
Assigned to chromosome 7q22.1, AZGP1 is a soluble 41 kDa secreted glycoprotein, which was identified from human plasma, and its chemical structure and properties were explored by Burgi and Schmid. 16 As an adipokine in human adipocytes, cancer cell, AZGP1 plays a key role in lipid mobilization. 17 There is evidence to show that due to the high level of amino acid sequence homology with a tumor-derived lipid-mobilizing factor, AZGP1 is associated with cancer cachexia by stimulating lipid degradation in adipocytes. 18, 19 In recent studies, AZGP1 was reported to be overexpressed in some tumors, but lost or reduced expression in other tumors. 20, 21 Although the exact mechanism remains unclear, AZGP1 expression has been demonstrated to be regulated by the acetylation status of histone, which regulates gene activity by means of changing chromatin conformation. 22 It is shown that AZGP1 is downregulated in lung adenocarcinoma through inhibiting histone acetylation. 21 On the contrary, it is histone deacetylation that results in lost expression of AZGP1 in pancreatic adenocarcinoma. 23 In this study, the rates of AZGP1 downregulation were 64.4% and 54.9% in mRNA and protein level, respectively. Therefore, whether histone deacetylation contributes to AZGP1 down expression in ESCC requires further investigation.
It was indicated that AZGP1 downregulation was associated with tumor cells poor differentiation in a majority of popular tumors, such as breast cancer, prostate cancer, oral squamous cell carcinomas, pancreatic cancer, cervical cancer, and gastric cancer. 14, 15, [21] [22] [23] [24] Because of its high structural homology to the major histocompatibility complex class I family, AZGP1 plays a antitumor role by participating the immune response. 12 By downregulating mammalian target of rapamycin signaling pathway downstream and inhibiting cdc2 that could regulate G2/M transition, AZGP1 overexpression impaired the proliferation and migration potential. 25 The relationship between AZGP1 expression and cancer patients' clinical stages is incomprehensible. In bladder cancer, AZGP1 expression was increased in a stage-dependent manner; 13 however, its expression was inversely related to tumor stage in prostate cancer and gastric cancer. 24, 26 It was reported that low AZGP1 expression was associated with advanced T stage in gastric cancer. 24 In this study, the percentage of AZGP1 protein downregulation increased as tumor cell differentiation degree decreased. Nevertheless, there was no statistical significance between AZGP1 protein downregulation and tumor cell differentiation. However, AZGP1 protein downregulation was notably more correlated with lymph node metastasis and advanced clinical stage. Besides, it was proven that lower AZGP1 level could induce TGF-β mediated epithelial-mesenchymal transition, while AZGP1 overexpression could maintain the epithelial phenotype in pancreatic cancer. 21 These findings might explain why AZGP1 downregulation promotes metastasis. In addition, there was no correlation between AZGP1 expression and tumor location, pathologic T status, and general classification. Our findings suggested that AZGP1 down expression might promote ESCC progression.
In the past, a number of studies confirmed that AZGP1 downregulation was relevant to poor prognosis, which has been identified as a predictor of prognosis in various malignant tumors. 24, [27] [28] [29] [30] In lung adenocarcinoma and prostate cancer, patients with low levels of AZGP1 were reported to be associated with worse survival than those with high levels of AZGP1. 26, 31 Utilizing numerous prostate cancer cases, Jung et al 32 demonstrated the superiority of AZGP1 over other prognosis factors in predicting biochemical recurrence, such as hCAP-D3, mucin 1, vimentin, E-cadherin, and ERG. Another research showed that in the analysis of patients with early-stage breast cancer, the presence of AZGP1 protein was related to poor DSS and overall survival time. 33 By making use of Kaplan-Meier survival analysis, ESCC patients with AZGP1 down expression had a significantly shorter DSS than those with normal expression in this study. Univariate analyses showed that decreased AZGP1 expression in ESCC tissues, tumor cells differentiation, and pT and pN categories were significantly associated with 5-year survival rate. Multivariate analysis demonstrated that AZGP1 expression, tumor cells differentiation, and pT category were independent risk factors for ESCC patients' DSS. Furthermore, normal AZGP1 expression was significantly related to longer clinical recurrence period and distant metastasis. Cox regression analysis indicated that AZGP1 might be one of the factors affecting ESCC patients' recurrence and metastasis. These observations suggested that after surgical resection, AZGP1 might act as a new predictor of prognosis in ESCC patients.
In summary, the expression levels and prognostic value of AZGP1 in ESCC were investigated in this study for the first time. The results of this study demonstrated that AZGP1 downregulation in ESCC tissues indicated aggressive tumor behaviors and predicted a worse clinical outcome. These suggested that AZGP1 might serve as a candidate tumor suppressor and prognostic marker in ESCC, as well as a potential therapeutic target for ESCC patients. 
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